We demonstrate that CP violation results in a difference of the partial decay rates of atoms and antiatoms. The magnitude of this difference is estimated.
violation. Below we estimate the magnitude of this effect and find it to be quite small but non-zero.
A difference between the partial decay rates of atoms and antiatoms may appear if C and CP are both violated. If C is broken but CP is conserved, the decay rates into channels with fixed spin values of the participated particles can be different, but the total decay rates summed over spins must be the same. For their difference CP must be broken as well. Thus, the CP -odd effects considered here are in fact C-odd. In other words, C should be broken and P should be conserved. Then, in virtue of the CP T theorem, these effects are also T -odd and, as we mentioned above, P -even (TOPE).
Here we discuss the difference of partial radiative widths in atoms and antiatoms, due to CP violation. For the simplicity sake, we confine to the hydrogen and antihydrogen atoms.
In Refs. [6, 7] strict upper limits on the parameters of the TOPE electron-nucleon interaction were obtained from the limits on the electron and neutron electric dipole moments. From these strict limits one can conclude that the effect under discussion is extremely small. More definite estimates of its magnitude are presented below.
The TOPE electron-proton interaction Hamiltonian can be conveniently written as follows [8] :
where m p is the proton mass; ψ and ψ p are the wave functions of the electron and the proton, respectively; k 1 and k 2 are dimensionless constants;
(To simplify formulas, we have included the factor m e /m p at k 1 , present in the definition of H used in Ref. [8] , into our definition of k 1 ).
The nonrelativistic limit of Hamiltonian (1) is sufficient for our purpose. It is
where σ p and σ refer to the proton and electron spins, respectively; m p and m are the proton and electron masses; p and p ′ are the initial and final momenta of electron; A is the vector potential of radiated photon.
The last term in expression (2) generates the T -even, P -odd current density
resulting in the contact radiation diagram
The terms in (2) independent of A,
describe the mixing of atomic states 1 and 2 (see Fig. 2 ). Since interaction H 0 is P -even scalar, it mixes only states of the same parity and total angular momentum. Taken together with the usual electromagnetic interaction, Hamiltonian (4) generates two more diagrams contributing to the transition amplitude (see Fig. 3 ). The discussed CP -odd (and T -odd) radiation amplitudes are phase-shifted by π/2 with respect to the corresponding regular amplitudes. Therefore, these T -odd amplitudes do not interfere with the regular ones. The corresponding second order contributions to the decay probabilities are tiny. Moreover, they are the same for the transitions in atoms and antiatoms.
However, the difference between the partial decay rates in atoms and antiatoms does exist. It arises on the loop level due to the imaginary parts of the CP -odd and CP -even diagrams presented in Figures 4 and 5 , respectively. In Fig. 4 only some typical diagrams are presented; the total number of such diagrams is 21, they can be obtained from those in Fig. 4 by all possible permutations of vertices. This estimate is quite obvious for the contributions generated by the contact radiation diagram Fig. 1 . The situation with the contributions originating from the diagrams 3a,b is more subtle. First of all, for the coinciding states, 1 and 1 ′ (or 2 and 2 ′ ) the corresponding matrix elements vanish identically. Then, if the primed and unprimed states, 1 and 1 ′ (or 2 and 2 ′ ) are separated by the fine-structure interval only, one might expect that the effect would be enhanced ∼ 1/α 2 . In this case, however, the matrix elements of the transitions between the primed and unprimed states are suppressed ∼ α 2 . Thus, we arrive again at the same estimate (5) .
The present TOPE constants k 1,2 are related to those used in [6, 7] (see formulas (11.14) and (11.24) in [7] ) as follows:
In Ref. [7] limits on the parameters of the TOPE interactione < 10 −4 and q eq < 10 −7
were obtained (see formula (11.27) therein), which result in k 2 < 10 −9 and k 1 < 10 −12 . Thus, even under the more liberal assumption k 2 < 10 −9 , we arrive at quite impressive upper limit on the relative difference of the partial transition widths w's in hydrogen and antihydrogen: ∆w w 10 −28 .
Anyway, the effect exists and though at present it is far from possible observation, its study deserves attention.
